REMARKS 



The Office Action 

Claims 1-25 are pending in this case. Claims 9, 10, and 25 stand rejected, under 
35 U.S.C. § 1 12, second paragraph, and claims 1, 2-6, 9, 10, and 21-24 stand rejected, 
under 35 U.S.C. § 103. These rejections are addressed below. 

Claim Amendments 

Claims 9, 10, and 25 have been amended to incorporate the limitations of claim 1. 
These amendments find support in claim 1 and in the specification, for example, at page 
15, lines 13-15. In addition, claims 5 and 22 have been amended for the purpose of 
clarification. No new matter is added by these amendments. 

Rejections under 35 U.S.C. S 1 12 

Claims 9, 10, and 25 stand rejected under 35 U.S.C. § 1 12, second paragraph. This 
rejection may be withdrawn. As requested by the Office, Applicants have added to these 
claims the step of introducing an adenoviral vector to a pigment epithelial cell and have 
incorporated the language of product claim 1 . 

Rejections under 35 U.S.C. § 103(a) 

Claims 1, 2, 4-6, 9, and 21-24 stand rejected, under 35 U.S.C. § 103(a), as being 
unpatentable over Reichel et al. Claims 1 and 3 stand rejected, under 35 U.S.C. § 103(a), 
as being unpatentable over Reichel et al. in combination with Kovesdi. Claims 1 and 10 
stand rejected, under 35 U.S.C. § 103(a), as being unpatentable over Reichel et al. in 
combination with Tezel. And claims 1 and 24 stand rejected, under 35 U.S.C. § 103(a), 
as being unpatentable over Reichel et al. in combination with Funk, Williams, and Tezel. 

These rejections are respectfiiUy traversed because the primary reference, Reichel, 
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rather than supporting a case of prima facie obviousness teaches away from the claimed 
invention. Each of Applicants' claims requires a pigment epithelial cell of the eye that 
comprises vector DNA of an adenoviral vector expressing a nucleic acid and having no 
adenoviral coding DNA sequence. This type of vector, as stated in the present 
specification at page 6, lines 1-4 and as demonstrated at pages 33-35 and 40, allows for 
long-term expression in the pigment epithelium of the eye. Reichel does not disclose 
such a vector and if anything indicates that high capacity adenoviral vectors are incapable 
of supporting long-term gene expression in this tissue. 

As indicated previously in this case, Reichel is a review article summarizing the 
state of the art at the time of its publication. It describes a number of gene transfer 
systems utilized for ophthalmologic applications, some of which involve adenoviral 
vectors. In particular, at page 7, a non high capacity adenoviral vector is described for 
gene transfer into the eye. This vector fails to suggest Applicants' claimed invention. 
First, the vector includes viral sequence and so falls outside of Applicants' claims. 
Moreover, after transfer into the retinal pigment epithelium there was only short-term 
expression, "limited to about 3 weeks." This also differs from Applicants' claimed 
vectors, which allow for long-term gene expression in this tissue. 

On page 8, another system is described in which EAMs, vectors that resemble high 
capacity adenoviral vectors are utilized. The publication being reviewed, Kumar-Singh et 
al., Hum, Mol Genet, 7:1893 (1998), is attached. As indicated in Kumar-Singh and 
Applicants' specification at page 4, line 11- page 5, line 2, following subretinal injection 
of the EAM, gene expression was detected exclusively in the neuronal part of the retina, 
and not in the retinal pigment epithelium. For this reason alone, Reichel cannot suggest 
the presently claimed invention. 

Moreover, although neuronal cells are post-mitotic and can no longer divide, 
expression of the PDE gene carried by the Kumar-Singh EAM vector was only transient. 
As demonstrated in Kumar-Singh, by several methods (RT-PCR, Western Blot analysis, 
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and determination of PDE activity), it was shown that, while there existed some minor 
detectable transcript at 18 weeks post-injection , PDE protein was no longer detectable 
after 90 days and PDE activity had begun to decrease by 28 days. This reference 
therefore highlights the nonobviousness of Applicants' claimed invention. Despite the 
fact that the neuronal retina is a cell layer immediately adjacent to the retinal pigment 
epithelium and as stated above is composed of post-mitotic cells as is the retinal pigment 
epithelium, expression in this tissue was only short-term. Thus, Reichel not only fails to 
suggest that high capacity adenoviral vectors can be used for long-term expression in 
pigment epithelium of the eye, this reference actually teaches away from the claimed 
invention by indicating that long-term expression after gene transfer by a high capacity 
adenoviral vector into a very similar tissue could not be achieved and certainly would not 
be expected for related vectors. Reichel provides no motivation for the use of an 
adenoviral vector as presently claimed to produce the pigment epithelium cells of the 
present invention. Moreover, as none of the secondary references remedies this 
deficiency in the Reichel reference, the rejections based on Reichel alone as well as 
Reichel in combination with with Kovesdi, Tezel, Funk or Williams should be withdrawn. 

Information Disclosure Statement 

Applicants note that the Form PTO 1449 that was submitted with an Information 
Disclosure Statement filed on October 16, 2002 has not been initialed and returned, and 
hereby request that it be initialed and retumed with the next Action. 
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CONCLUSION 



Applicants submit that the claims are now in condition for allowance, and such 
action is respectfully requested. If there are any charges or any credits, please apply them 
to Deposit Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 

F:\50270\50270.004002 Reply to Office Action mailed 04.19.05.doc 



Respectfully submitted, 





aren L. Elbing, Ph, 
4. No. 35,238 
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Encapsldated acjenovlrus mini-chromosome-mediated 
delivery of genes to tlie retina: application to the rescue 
of photoreceptor degeneration 
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nrst (AE1/E3) and second (^E1 kE2/E3/E4) generation 
adenovirus (Ad) vectors have hi en shown previously 
to bo of limited use In the treatn ent of human genetic 
diseases due to the Induction ot i host oytotoxlo T-cell 
mediated Immune response ags Inst viralty expressed 
genes. In addition, a limited cloi ting capacity of -S kb 
does not ester for the Ineorpors Ion of large upstream 
sequences essential for regUated tlssue-speoHIo 
axpissslon or Inclusion of mul iple gene-axprssslon 
caesettw. In this study we have ucpioiied our recently 
developed Ad-bssed vector^ the encapsldated 
adenovirus minl^hromosome (1 1AM) from which all of 
the viral gones have been delate d. EAMs contain only 
the inverted terminal repaote r^ quirad for replication 
and five c/iNCtIng Ad encspslda ion signals necessary 
for packaging. We have shown previously that EAMs 
can efficiently traneduce a verle y of cell types In i/rtm. 
In this study wo demonstrate thi t EAMa can transduce 
and rescue celts from the neurc sensory retina in vivo, 
EAM-medlated delivery of the p RUbunIt of cyclic QMP 
phosphodiesteraae (POE) oON/ to mice affected with 
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retinal degeneraSon (nfl allows 
exprssslon and rescue of roc 



RT-PCB enalyele from the Inject ad retina indicates ihai 
transgene products are present for at least 18 weeke 
posMnjeetton. Both the a and p subunlts of PDE could 
be detected up lo SO days postn atal in EAM-lnjected rd 
retina by western snelysia- A nr aximal PDE activity of 
150 nm/min/mQ waa detected at S3 days postnatal. 
Examination of outer niiderr thickness showved 
eignlficant difierenees up to i: wseks po5t«ln)ectlon. 
These i«ults demonstrste on 1r iproved level of rescue 
over fIrsT-gsneration adenovirc I vectors and euggest 



prolonged tranegene 
photoreceptor cells. 



the possibility of succeeoful EAM-medlsted treatmem 
of some retinal diseases In humans. 

INTRODUCTION 

Adenmiirufi-medjated gene transfer U a piomisiiigiBehnology for 
the treatniem of human genetic diseases, meiaas adencvinu 
veotois have several Advanl«S8S over other vector sysiems, 
limitalions have beccime apparent with their use in vivo. These 
Umitutiona inohide abcn^temi exprecision of Ihe delivered gpn& 
and loss of transduced cells, Deapitafha deletion of genes El a and 
Elb In the so-called Tixst generation* adenoviral vectors, 
productioo of immunogenic virai proteins in transduced cells 
leadH to MHC olaM I and q\w II mediaied display of viral 
peptides on the anrface of infected cell«, tarseiing those oella fbr 
T-«eU meiiiaied clearance. Re-administration of adenoviruses lO 
i^stoie transgene expcession » IneEEiciam because of the pr^^ 
of neutxcdlBing aotlviral antlbodiea (1,2). In order to overcome 
aomo of thew problomn, 'acoond generation' viral veciOf« 
containing deletions In other legiona of the Ad genome (SuCh ax 
H2a and E4} have been developed; however, there Is aome 
unceitaimy whether these vectors reauli in improved transgene 
pertiatence in animals (3-^). We (7,8) and others (&-13) have 
recently described a novel class of adenoviral vectors from which 
almoHt tHe Entire Ad genonw has been deleted [cncap^daied 
adenovinu mini-chromoBomes (EAMs)]. Our Initinl sludiea 
indicated diat B/UMb can be used 10 transduce cells in vimi (7)- As 
our ftfst step towards ihe use of BAMs in viW, >ve desciibe 
EAM-mediated tranaduetion of ceUs from the nsurosensoiy 
retina. In pttitieuiar, we show that this novel vector system can be 
UMcd to tianaduoe and reaeue dogeneraliQg photoreceptor cells in 
the Tciinal dpgeneretlon (wO mouae, a roodd for retinitis 
pigmencONa (BiP) in humans. 

kP is the lumio given to an eiruy of disoidM characterized by 
ni^t blindness, progn»sSlve conairioiion of the visual field, an 
abnonnal or non-dataeiable eleetroretinogiam and photoreeeptor 
degcnerttion. The diseaae may be inheriied in aa axnosomal- 
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FlBirr 1* Sbvcuiro of pA05pPD& The p 
Vy A humaa p^£>£ (hPDS) cyicvneguj avinis 
CEJ and late (L) ilgnflU roapecdvcly. TO bt aalal c 
pBdnXS (fliTAiageno). The hami «lMkO«i/ 
mupRjdaiwn ofDNA Snu nature capsidn lA 



(O^ enhanccr/promolfir. rcspoclivcly. The D-FDE cDNA und LbcZ «pnc are polyvdtmylatEU ^ im SV40 fio/ly 
OTEln nF DNA repliwuion (on £ coW nnd Qinpteatln lolocrian (AmpK) lur pvOfptSAUenJa bMraita «» ORDodfld by 
oria^At of nptnatkm iM lopmcamad hy a bit Aitfl ri^L inveiied terminal npeai (UTR/RmO. FoUovdDB replioaion. 

Bceomplisbeil by ttie av« paeicagiag &iaoaisr (^l-^V). 
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I inherited 
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undci lo 
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doTnlnam* autosonuU-recessive. 
PxBvalenee estimates range Atnn 
RP one of the xnosl common 
in humane. Some fbnnfi of KJP in 
and dogs ( 1 S,1 9) have been 
enooding the ^ nubimit of gaaooGini 3' 
GMP) phosphodlescerese (PDB) 

A nonicme mutation (17) end/w 
(20) in the gene encoding ^^-PDE 
the rd mouse, icsultlag in an oberrbntly 
predicieo inmcaced pioicin prodw 
mutation in the fiene has bc^n found 
(19). Homozygous rd mice 
phc^oreceptors within the tlrsi 
shown previously thalexpresslc 
Tescues photoreceptor degeneration 
rd mLea enjoy unimpalnd vision 
reeulta in a lock of iimction, 
equivalent in humans an exeeilex t 
therapy* 

Several groupa have demon9tn4^ 
sydenovirus a^ e gene transfer vecto 
or these investigations it has 
nrst-generation adenovlrEQ vecioi] 
Eschericnui coli Luc Z gene regulf cod by 
lelina. In addilioa nrsigeneratioi] adenovii 
used to deliver ciliary neuroiTopflc 
yegulated by a CM V promoter to 
of expression and rescue of ' 
vectors was transient, laxting Up 
these studies demonstrated an 
gene therapy of RP. Hiese 
other o^ eyetema suggest thai 
improved vceior systems. In 
dcvcioplnB e z^BOis^'t^s^ therapy 
BAM conialnmB the p-PDB c^NA 
subncUnal space of homozyjEous ^4^5^ 
expression of the transgene by 
and PDB activity assays. Phi 
phenotype was deiexmbied by y\\ 
indicate ihot EAMs may provide s 
for treatment of RP when 
adenoviral vectors 

thenpyforRP. 



-linked or dlfcnlc manner. 
3000 to I In 6000, making 
forms of retinal disorders 
Jjumans (14.13). mice (16,17) 
mutations in the gene 
'^'^onoptiosphate (cyclic 



one CO// 
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e.9Kb 



HinaXW 4.BKb £dOAI 



QnXm^2% proviral insertion 
auses rednal degenonitiaTi in 
_ spUeedmRNA end/or a 
t (21). Siimiariy, a nomcnse 
in the Irish Sencr dog 
complete degeneration of 
weeks posmaiaL Vfc have 
in transgenics' mice 
(22). Moreover, neisrosyguus 
Indicating (hat [he mutation 
the rd mouse and its 
candidate tor somalic gene 



pieviousiy the efficacy of 

for the retina (23-26). In each 
been demonslrated that a 
is e£feetive at delivering die 
a CMV promoter to ihe 
jvirus vectors have been 
ftoor Of a p-PDE cDNA 
tl en^ retina (27.28). The length 
lerailng rd rcUna using these 
o 6 weeks (28). Nonedieless. 
'proof of principle' fdr 

logeiher with data th>m 

we need to develop and lest 
-ir 10 further our potential for 
(IT RP, we have oonalructad an 
end deliveored it to the 

J. We have determined the 

^ lir*-PCR, weaiiern blot analysis 
Phenityi^c leacue of the disease 
cological analyses. Our reaulu 
significandy impitwed avonuc 
with ftrsi-generatlon 
agene 



im; lortant ' 
) studies Uilum 



I Old! &r 



CG [Dpared 



and may event laUy conoibute towards ( 



RESULTS AND DISCUSSION 

In contrast to most tissues. Ad-medlated gene therapy for 
vcrtabraca phoiorecepiors is panlcularly bvorablo fiom an 
immiinoiogical perspectWe. Certain organs such as te!<U.s. ovary, 
pregnant uterus and the eye are immunologically tolerant to 
fbreign antigens, and are considered sites of immune privilege 
(29)* Inflammaiory cells entering the anierior chamber of the eye 
in responi^tt to viral infection undeigo Fa«»ligand induced 
apoplosis (30)* However^ a HmuU number of mflammatoiy eells 
arc assodated widi viraily Infected retina or ^utntuinal space > 
indicating that theae particular sites are only immunologically 
9uquesiered (30,3 1). As a consequence, preliminajy gene ilierapy 
applicptiona using tlr,sl-goneradon adenovirus vectors to rescue 
Uie rd, phenotype have lesuliod in miramal or physiologically 
insignificant Icvelfi of PDE aaivity. Recently, it bus been 
dcmooslraied that a fust-generadon adenoviral vector encoding 
the B Subunit of PDB driven by the CMV promoter can nwuue 
photorecepcors in the td mouse for a period of vrccla (28), We 
have investigated llic use of a vector not able to exprcaa any 
Ad-encodcd proteins lo determine if Ihe length of transgene 
oxoresslon can be extended wiih respect to fitTtl generation viral 
veaors. These studies will aid In our efforts to cvcnwully 
determine an efflcecious creaimem of retinal diaeases. 

We have shown previously That a circular molecule comainiTig 
fused jembedded adenovirus Inverted leiminai repeats (origbs of 
replication) and Ave pscicaglng elements is tuplicaicd and 
paeicaged into mature virionN in Ihe presence of helper vims. The 
activity of an embedded origin of replication leads to (he 
generation of linear mlnl-chromoSomes from clxculer molecules 
(7). ^ DNA is paeicaged Into virions in v/vo in a polar, 
left-to-right fashion and is dependent on c/j-aalng paukaglne 
elememe. The AdS pacVaging domain extends from nucleotide 
194 to 35 S and is composed of at least live distinci elements that 
ore funcrionally redundant (32,33). These minUchrommomes 
(34) or BAMs hove a dieoretical cloning capacity of 36 W>, We 
have shown previously that EAMs containing up to 22 kb of 
aon-^lral exogenous DNA can be used to transfer multiple 
gene-^xptessbn eaaaettes to cells In culture (7). in this study we 
have constructed an BAM consib-ting of a full-length (2.75 kh) 
zmirine P-PDE eDNA regulated by a human p.PD£ promoter 
(350 bp), an E.coU Lac 2 gene regulated by a cytomegalovirus 
promoier end the Ad5 origin of repUoaiioo togedser widi fm 
cij-aoling Yiral packaging signal*— pAdSpPDE (Rg. I). 
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ajoaect me perfcoDmed lo oynplUy bo& 
doiooixng p^alacteidfloe (BO) or dkaltne 
10 deieftnlne me Rial Inpui CD or ouipit (6) 



orAd5BPDE.R3llowi ii;comslbcilonmor^3ceUs 
"rear hpAPDHAi nix «rial 
and hpAP wlrioitt. Attaya 

lypccf virus. 
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COinjnsftctlonofpAdSBPDEwith incar adcnovSmlDNAinio 
hunian embryonic Wdney 293 paakA ling ccUa prudocca EAMi 
and Helper virions days post-ir lasfocuon, as evidenced by 
me appearance of a cy topaiWc cffocr, The EAM» arc pjx)pa|Biod 
wid amplined by six serial passs jes Id 293 cdla with a 
xrans^aaing El/E3-£ielcicfl helper v| rus cxprcsirinB human pla- 
cental allcaline phosphamac OipAP). The choice of *^P^^"= * 
helper allows monitoring of the iclj rive populations of helper 
vims anfl EaMs at the various Siages { f serial pxopagotion (Fig. 2), 
In agreement with previous results, wc found that iho smaller 
genome fiT the EAMs C-13 Kb) httS ij TBplicarivc advantage over 
the helper virus (36 kb) and that ov< r si^t rounds of repheaiion, 
there was a net accumulaUon of EAJ Is w a roic 100-fold greater 
than thai of the helper vlnjs. Our i esulis indicate that EAMs 
containing 13 kb of DNA am be pi opagalcd lo a dter of 10^" 
transducing pamcles/ml In the piescn « of hpAP hclpa- viiw and 
^ (hft EAMs can be separaied from htlpcr vin« on 0>C3g^ 
Evaluation of virion concennadons in the final EAM prcpaiBiion 
befora injecdon indicated a maximal hi lAP 'coniamlnmion' of 2.8% 
(data not shown) and a gross BAM strucmre similar to that of 
adcnoviruH (Fig. 3). Southern blot i inalysls of AdSpPDE yind 
DNA reveals the pnassence of mcnomers, and dimcrs in a 
head-io-head, head-to-iail and tail-tc -taU conflfiumtlon (Ra, 4). 

A total of 34 b< 10^ purififll EAMs ( ^d3pPDE5 were inJeciDd into 
the ttibierinHl space of homazyeous irf mice by a nrdnj-charoidal 
appxoach helwecn 5 and 6 days posti aial. a dmc-poim before die 
on«0t of reiinal degeneiation. The C miralateral eye of the same 
mouee wafi injected with AdSpN— an BAM idendca) tn all lespecis 
to AdSi^E except tet U dua not ( ontaln a ^PDE cDNA. 

lb determine whettier p-PDE W IS expressed in AdSpPDE- 
tjansduced retina, we examined rtl inas ftom injected eyes for 
production of p-PDE tranacripts ai id for cGMP-PDB acuvity, 
Tbthl RNA was oxiiacied from Ad: pPDE and Ad5pN-lnJecTcd 
tednas at 2 week mtarvals until I » w cks posi-injectloo (the latest 
time point cxaunined), reverxe lnin.« tlbed and subjected to PGR, 
RT-PCR amplificaiion resuliEd in i fragment of 650 bP only In 
RNA templates prvpas^d &om TBfcii as injected with Ad^l^PDE. 
Sinee iho rd mouse has an ochie mutarion in codon 347» 
eonvcrtins TAC lo TAA. a new DdA slw is cTcalod In rd 
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PiguM 4. SMdwm Uol mlydt of DNA prepared from AdSliPOB EAMs with 
piSba eton (lie C-tommus oT ^TVB^ or ^}i^^'»^^^lP±f^ 
the piOTDB of tntmomcn (M). hood (HH^Uil CD 4??*J5S 
T-\oh Smat. Tb« onenmOon fif ihe adenovixBl paekftgitna HanaU m 

liShi ifr'«md (enmnol rapM <UTR/RrrR) in each dlmer u snoMm. 



Supplied Iw The Britiah Ubrary • 'The woricTa knowlodgs- 



2a. SEP. 2005.18:33. 



01937546527. 



JO. 0991 P. 5/9, 



2896 Human Molecular Cenettcsi 



J99S,VoL7.No.J2 




TAC-TAA 



1. TO 800 900 SOOD 



1200 1300 




r tninag ne 



FTSW 5. RT-PCR ompUBoalion of 
from AdSpPDE Iranaduccd rd rcUius. PQ 
0-PD33pedncpmnGnRTf andRIRiBwlu In . 

CKon 7 of tho munna fipM. IloAO^gUUl) 

jjRviaiiKly to cantBDi m IJl^W icAtriction fiiie at 
907. lempkuss Bulslag fiom Ad50Pl>E-i 
0110 ui puiddun Q(P, KT-PCR ^ pCTfomiKj 
'mjcetfid nUcc ar various ages pos(-iiUBCtion h 
RMA was euner utiual wiui (r) w wiUroui (- 



und nfttlve ^-PDE tranccrifni 

ttnpJiricaUon Rom cDiVA using 
a 090 bp prodi^l eneompMsbis 
iHtf ;W mm* hiivo htm jshDwn 
1U4S in addinon Id die one at or 
• jnnKiuccO ccUa cnl7 hove unc 
from rolfn4i eDN/l pnpuo^ ftom 

2 week imervais uo to I6 weotuL 



-PCR products with Ddel 
gids idontiiiod digestion 
tranaducec] s!cnc (Pig. 5). 
was 5tiU evident al 1 B weckd 
was adcnovirus-mcdiaxcd 
mice receiving subictinol 
'-PCR in SEunplcs of liver, 
Ave randomly seleocd 
tnuisgene wa5 dctcclcd in 



homozy^oiesdTX&icubadonpfihc KT- 
fbUowed firaciionailon on a&ir r 
products asBocinttd only wlih ihE 
Expression of che P-PDE transcript 
postnatal. To dctennlne whether th 
cxtra-oculsir trantigene expression 
AdspFtiBii^ecdoa live performed ^T- 
lung, brain and Udn^ RNA fit im 
(Injected) mice. No expression oft le 
my of these samples (data not sho\ lO^ 

Vfe have qualliatlvely examined 
ifubunits of FDE western analys s 
injected Rjrednas Up to 147 days pc umial 
could bfiiOytsdeiBaedai day I9p(5{naml 
fd redna. Both the a and p 8Ut>unics 
(o 90 daya posDnatal in AdS^POl l-iniccicd 
suggesting that some ohotoreccpti ir 
pieseni at this time In (be ireaiqi 
exciuas ve locallzadan of The rod 

We have also measaxed the 
AdSpPXSE or Ad5^«iAiected 
posf-^nJecdoa Our lesulis Indlcaie 
FE3E is processed and fitxmis a Air 
and Y subuniUL A maximal PDE 
detected at 33 duyypostnatiain Ad 
This was approximately three dmespatfband In AdSpN; 

tctlna at die same timo-poim. ' * ' 



expression of die a and 3 
inAd5&?DEandAd3PN- 
The a subunit of PDE 

in the AdSPN-injcctcd 

of PDE could he dcTcclcd up 
iniccicd rd retina (Pijs. 6) 
ouKT seginents were sdU 
animals, since this u the 
,-(335. 

acdvliy of cOMP-PDE in 
retinas up to 147 days 
die P subunit of cyclic OMP 
Amcifaial PDE oomplcx wiih die o 
DE ac Iviiy of 130 nm/minAng was 
AdSf PDEiiijactfid rtf ledna CFlg. 7X 
' nes Ehatfbund in Ad3BN-ln)ected 
AU mgti maximal activity levels 



PDEi 
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Ftgura 6. Western tnftlyck oFouPnE and ^-PDE tubunits in Aii£pPX^ (,*} or 
AdSpN^inlected (-) rttlrd /eOnus ttnouah day i47 oosmuisL Ifoire&ifia 
oged-tn4to)^ C57BU (-r/r) itilnM fti doys 1 a, 33 4nd 1 19 «w 
controlB. Nolo dmt this is an Bmplified signoi and htnce not aiepiefienliUionaf 
dR stultthlinneaic nolo of ciich subunlb 



ore not equol to dioae in age-matched C57BL control tnice 
(220 ± 40 nm/mizVhig), the data are encou7B£[ing in Uiat wild-type 
levels of p-PDE are not reauired for rescue of the phenotype. 

have observed some venabilasy In PDE octiviTy in og&mnched 
AdSpPDB-injeeced rti mice. We attribute this r> die small size of 
die eye in S-dey-old rd mice and die diEicuiliea in exact 
reproducibility of the injection between individualQ. Noncthclees* 
the mean PDB activity W clearly greater in AdSpPDE-injacted 
then in AdSPN-injecied retinaa. Puithemore, the PDB activity 
attained in EAM-iiuccied ni rctinos is greorer than that using 
fu^-gcneratioA odenorifai vectors (28). 

It hiv3 been ahawn previou.Hly lhat the light-activeted »iaie of 
PDB c^n be mimicked fay treadng the preformed PDE 
eomplcK with trypsin, hiatone, or pdyeatiena, such as protamine, 
which selectively digest Of remove die PDEy subonh inhihiiory 
conatraint (36). The Idnetice of PDE acdvadon en vitro convfipund 
TO die degredadon of PDByby liypsin (37). HomogeniaeH were 
picparo d from control rctinu and from (hree AdS^DB- or 
AdSPN-injccicdnrf^Tcdnasot 12 dti);spo»matal and assayed for 
PDE dctiviiy after oeaimeiw widi uypein. TVypsiniaaiion moikediy 
increased PDE activity in wikJ-type mice (22-fold) and 
AdSPPDE-injected mice (lO-fold) but minimally in AdSpN- 
injected or rd homozygotes (Fig. B). 

Outer nuclear layer (ONL) dncknesa ia considered a reliable 
index for companng photoreceptor cell number between retinas 
Aubjoctcd to various Traumntic or genetie insults^ (3g). lb obtain 
a quontitauvc csumatc of die possible tfiilhences in the number of 
photOTBCcpioi3 harbored by oor cxpcrimcntel lednai, repreaentttlive 
sections taken at diTFercnt intcrvala post-injection were Bcored for 
ONL IhicHnciw. Whereas dicro axe eight to 10 rows of 
photoreceptor nuclei in mature wild-type mice or heterozygoue rrf 
mice, there is only a single row of nuoiei in homozygous rd mice 
at 17 diiys postnatal. All photoreceptor nuclei ore absent in the rd 
rotina by 6 weeks postnatal. Exammation of ONL duckncaK at 2 
week intervals in AdS^DE or AdS^N-inJected rd retlnaa up w 
16 weeks p09i-1njecdon (the lateel time point examined) Btill 
5howcd .significant differencea up to 12 weeks post-ii^eetlon 
(Figs 9 and 10). 

Incoiporaiion of the £.c<?/i Loo Z gene in our construct has 
enablcf) us to determine the total spieod of EAMs across the 
subreiinal space. Our data indicate that an area of -*! mm^ 
suiiDunding the lAjection sits is infected by a single EAM 
Injection (Fig. 1 1 ) whieb contains the entire region of reaoue. Due 
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Figure 1, Aciual and mean cOMP-FDE acQvii ^ 
wtm AdipfDC ano Add^. ActlvJoeo wn 
91, 1 JO Md 147 pojtnAtol (n « 3-S raiinM). 
In the above fiftuiv: faowevait b uUilcely 0 
wen lq|ccied In dw submlmil tpocB (m«6x< 



uUilcelyihat DeiWDiomples 



cnly I 



to xhe smaU size of ttie mouse eye, 
perTormed in our experimentaJ retina 
such as in humans, multijkle injection i 
FinaUy, altliDug^ our rcisults arc pre 
CO inmcove ^ viral system employe i 
thM u some comamination of hfiiper vims 
with a flrei gonaration El/E3-deleted virus) 
Blow immune teKpimsc may "be gcncrau d 
cells. It 16 not known wheTher ' 
genarutdd o^nst the ^PDE transgBjie 
poeeibly zceuliing in Jinmune-mediat ^ 
outren Jy canying oul devailed expei imenrs 
thetie quei^cionft. In addition, the 
allows co-migru6on of the defeutiviN 
preparations. We ars presently Tesimgjmaierialit 
chloride end potassium bromide M 
power ^an CaCl at p - 1,3 (39) in < 
BAMk. In nummafy, wc have shown 
detected m BAM-injecicd rd leti 
poat-injoctioni the or and P subunila of 
90 days postnatal with a maximal PDE 
at 33 days postnatal. The outer 
rescued for at least 12 weeks 
dcmunatreto on improved level oi 
firatpgcncniiion adcnoviml vectors 
towanis the long-term goal of findinj ; 
and CNS disorders. 

MATERIALS AND METHOCffi 

Construction of pAd5PPD£» pAdSpM and puriflcatkm of 

EAMs 

at ^rulard 



nucl »ar 
poir 



s nd I 



Goning was eazried out using 
doscribed pravlously (7). The mur" 
as a 2.75 Eco?l fragmsni Cram 
clonad downstream of a 350 bp huma: \ p' 
inverlad Ad origin of replication axu I 
were derived frooi pFGl^ (A2). 
is hoTBttftBT refonod to as pAdS pPDE. 



loa m MO 



In iwm rcnnai alter treaonenl 
aidBTB t2« 19.33. 63, 
all iMintt «r» iaeludad 
indlcaicdtyD 



Single tf\jections were 
Xh The cfLse of laiiger eyes 
may be possible, 
mining, we are attempting 
in tMs stut^ further. As 
in our system (albeit 
it is possible that a 
against vlraiiy transduced 
responkc might be 
or ^galactOBidava, also 
aizest of rescue. Ws are 
to answer seme of 
of defective virions 
and EAMs in the CsCi 
such as rubidium 
have higher resolving 
10 obtain purer stodcs of 
th IX transgene products can be 
for at least 18 weeks 
iDB could be delected up ID 
activi^ of 150 nn0nin/irng 
layer of fd retinas was 
injecdon. These resolts 
laeue over die use of 
contribute signincantiy 
tt iherapy for some reiinsJ 



ich 
ion br 



techniques and as 
n»NA was obtained 
t (dO). This cDNA was 
^ -F^PEpromotBr (fl 1 ). The 
five encapsidanon signals 
_ resulting plasnrdd (Rg. 1) 
A pJasmid (pAdSpiN) Ulflt WHS 



The murine ^FDE cDN A \ 
p^B 



.Tha 
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Figure Of Cyclle CMP-P!D£ ftctivliy fotlowtng treaonem wish (t) or wuhouiH 
tiypsin in A6i^ or AdSQPDE iiuecied hitrd niinss m 12 dsys postnalal. 
Aee-mmdifld C37BL mice were usee ax postowconnoibi 



sliDllBr In ,dl respects xo pAdS pFDB except thai ii did not oontein e 
B-PIXB dDNA was used as aoeigatlve connol in aU expaimans. A 
total ofS ujt of pAOSDPDfi (or pAdSpN) and 0.3 w tlnear viral 
DNA from an BI/BS-delGied virus expiessiae hpAP were 
cooansfecied hito human embryonic kidney 7S3 cells as desoibed 
previously (7). Upon cotranafecdon with helper viral DN A« the 
circular plesxold pAOSpPDB Cor pAd^BN) Upeaxlzes. z^licaies 
and Is packaged along wUb I9AP into preflonned capslds 
(AdS and Ad3 PN* nsspecdveiy). Lysaie prepared from ceils 
showing a cytopaihic effect ai 6-12 days posi-transftedon was 
used for serial propagation of EAMS. PoriTlcailon of virus was 
achieved by extraction with 1.1.2-rrichlonnrKOuoToeihane and 
application to CfiCl step and seif^fbrming gradients as described 
previously m. The EAM-contairdng band was removed in 
tlmcdons ftom the top of the cemriTUgaucm mbc and CsCl wes 
removed by duomatQgraphy on SefAiadex O-50. Elccmsn 
microscopy was perfbrmed on umnyl aeetaie stainea BAMs 10 
connim an inl&ci capsld slructuie. 

£AM and helper virus titerc 

Fraction^ of lysate prepared during various serial paivagca were 
U2(ed 10 determine die total titer of die EAM and he^ier vims prior 
to subretlnal iAjection, AS the EAM and helper vims encode an 
E.COII Lac Z gene and human placental alkaline phosphatase 
gene, respectively, we perfbrmed ^ galBdOSldase and alkaline 
phosphniase assays on infected 293 cells to deiemUne the total 
titer of the two types of virions- InfbciBd 293 cells were assayed 
as described previously (7)« 

Genomie stnieture of AdSpPOE 

AppiDKxmeiely 2x 10^ Ad^^PDB BAMs W6I6 incubated in 0-1 M 
TVls. pH 8, 2 mM BtrrA. 1 9fc SDS. 1 mg/tal Pronasc. at 37»C 
overnight and extracted with phcnol-chlorofomi. A total ofS m^S 
of viial DNA were digested with ^coT, fracticnuitod on a 1% 
agarose geL etectrobiotted onto a nylon membrone (Hybond-H) 
and hybridized either wlih a ^^P-labeled rcsvioion fragment firom 
uie C-lerminus of the p-PDB (VooMjf 11071 fiagmcm from 
pAdSPFDB) cDNA or the N-iermlnus of die BjcoU Lac Z gene 
(/Vofl-^jjHn fragment ftam pAd^^PDB). 
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FlBUit 9. lifibl miGroimiph (630)0 of / dS&PDE^mjcctcd 2- 
pnsi-li\|oedon, reapccUveJy) retinas. Hi s 
OPL. outor pimifonn Uydn ONL, vuu 



Administration pT BAMg 



sbred in 



All animalB cared for in 
Research in VifiioA «nd 
animalB in ophthalmic and 
widi federal, Etate and local 
CS7 BL rdlelrdle mic& wm 
12 h daily cyclee of light and 
with i.p* adnunistrarloA of 
befween 5 and 6 days poemau] 
a rra/u-Bclem], /raruH^oroidal 
needle (IS"" bevel) with a 5 ^ 
m^oromonipuletor. A total of 2 A 
(orAdSPNBAMsin ' 
dd Wejred st a me of 0^ hIMd 



{I0( ordancei 



re pUations. 



with (he AtiHOCiutionfor 
OphthtUnology *5tateTnont for uso of 
viijipn research' and in compliance 
C57BL (control} and 
our vivarium and reared under 
Mice were anoKthcfiized 
2j2|X-infaromoethanol (0,5 g/kg) 
IiijecdonK were perfonned with 
tpproach (31) using a 33 gaiig« 
f^amilion eyringe mounted on a 
X 10^ purified AdSpPDE EAMs 
~ eye) in IS^IS |ilPB5 was 



d rknew. 



Itbe contnil iwa] 



Analyeee oT ^PDE cxprttsloi] 



12 weeks posr-i^jeclton in 2 week inleivals) or AdSiW-iiOeeied (B1-A4, u 2. 4, 6 and 12 weeks 
outtf Uiyen of Uie uduli retina from u Cj7BL mouue (A) arc prcReniea aa a conirDl. C3, outer ncgnMnu; 13, Inne/ segments; 
nwdw lAy«ri TPU iim^r pl«Kt<^ Utyofl INL, inmr nvebntf Iqrtr. Nolo ihftl ihm appenn to be no oeliuior infiUnlMD in the 



1^ cervical diaiocation end the 
after enucleation. RNA waa 
r /IdSpN-injcctcd rd xetinaa at 1, 2, 



KT^CR. Micft were sacfiflcfi^ 1 
retinaa ware disaected rapidly 
extracted from AdSpPDEp or i 

4,6.S,12j ~ . . 

according to Qie mamilbGiiirer'^nanucilona. BndPC&-ain|dllled 



and I S weeks posi-inji cdon using TRIzol (C^bcoBRI^ 



with or wiihout prior JO: The irr reafiAlon Witt eimled out in 
buffer (1 mMc:<Chd>rrP,S0DmMKCl,2£X)iziMTlifi-HCl,pH8A 
2S mM MgOa) with 1 U/^ RNase inhiUior (Razldn Elmer). 
lOOpmol random hexamers (Ameraham). 1 total KNA. 
1 mg/teU nuclease fte BSA and 100 U tfivense na^^ 
in a final vohime oTZO p. The reacdon wax incubaiBd at Z3*Clbr 
10 tnin and 43"C for 30 mio. Ttm RNA-cDNA hybrid wu 
denatured, and raveisa transeriptafie wav inactivaiad at P5"C for 
10 inin prior 10 quick^fam on ice. For cONA amplification, the RT 
icaedon was faiou^t up to 100 |il in Ix PCR bufier wid) 100 ng 
each oligonucleotide primer (5'.CCACAACTGT0AQACACG. 
CAG-3' and 5'-TACGGTTCTOCAGCnOTrCAra3') and 3 U 
of Taq polymetase. PCR cycles were perfonned in a Sbatc^gene 
robocycler with an initial denaturalion ai9d«C for d min followed 
by 40 eycLea ai 94, 55 and 72'C for 1 min each. PCR ptodaeis 
were extnicied with phenoWchloroform {\ :1) and digested with 
OM prior to fracdopadon on agarose gek. 

irmunMoxa. Rexinus dissected at ihe appropriate time flrom 
AdSpPDE or AdspNwhijttned mice weie stored at-^'C Rednas 
wsoa homogenized in lysis buffisr (10 nM Tkifr-HCU {4173, ai 
mM MgOa. 1 mM ditbiottueUaL 100 |lM lihcqylmell^lsidfonyl 
fluoride). oemtUUged ax 14 000 ^ Ibr 10 roin and the supematants 
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a AdSBPDfi 







FigUM IQl Conipariaofi of oator inifilwr r 
AdSDPDE> or AdSDN-iivected rdird minikin 
IKKit'injcotiivn (1 17 dayft postnoMl), 



were removed and used for 
of cGMP-PDB 
sepaEUCcd 1^ SDS-PAOE utilizing 
Additional resoludon In the 80-10 ) 
modincailon of a double-lnvened 
used three l^eis: on invencd gFadie(iL 
bisaciylamide), a separadns £el 
acrylamlde) and a siacxing 
Disacryiamltle). ProieinA were UB^ifcTTtd 
probed with a polyclonal andbody 
and visualized uslx^ che amplified 
anil-rabbii and teniaiy tloiUKCOQjpeBied 
AT Kit CBlo-Rad). 



?DE aciiviiy analyses, PDfi acdvi^ f 
described pevlously (46) usins a' 
aamples (2-S \ig protein) were ineubattd 
250 MM I3H]cOMP. fbllowed by 
were Incubated with 0.4 U 
10 mln prior to the addldon of 1 
(Blo-Riid}. Sainplea were left 
cemrifugBd ei 3300 ^ forZO mia, 
Id some experiments FDE was 



oolumn toighi iniiniw ci* mwiM In 
2 week iraenralB op ED 16 woelcB 



proeln 
act i aiy. 



deiennlnaiion (43) and 
Proteins (20 ^ were 
a TOa-fficlne buffer system, 
kDtt nmi^ was obtained by 
grfdicm acrylamide gd C44). y/t 
acrylainlde:0,8% 
ClOJ% Bcryiainlde:0.8% bis- 
Kel (4% acTyiamide-.a8% 
to nlEioc&llulose and 
4?) to PDE (1 :2000 dilution) 
(secondary Dioiiflyiated goat 
alkaline phosphatase) 



was measured cssentiany as 
(wo-siep procedure. Briefly, 
at 37 * C fbrl j min wish 
After cooling, samples 
phosphatase ai 37*C for 
1 :3 slurry of AGi-X2 zesln 
at A^^C for 30 coin, 
si^pemntanis were counted, 
tryjisin activated. 



biiUng. 
ailcaliie 
ml If 
siAdlng 
ai d 



Histology and p-gulactoaidase ca wession 



were enucleated and retii 
fonnaldeliyde and 2% 
1% osmium letroxide for m and 
eeries of aieohol. Ussue Q mm% 
araldhe and propylene ooilde and 
sections of ihe retina (extoiding 
ths infeiior M. aexma) 
randomly selected regions of the 
mionuicopy. Aufiettttment 
in a uheme desoibed previously 
dasB eacprBBsion, wh61e eyes wettt 
fixed ovei^ght In 05% 
and reacted with X-goJ 
das£) at 1.2 mgM in PBS coniainidg 
and K4Ftr(CD)6-3H20, and 2 mM 



) ^tarald^y Se. Retinas 



ft ffn 
travernng die 
ns of the «tir 
ofphotor seeptor 
CS). 

^uoraldeb; de. Eyes 
(5-teomo-^ li]oio3'indoilyl-{ 



as fixed overnight in 1% 
were immersed in 
dehydrated Ouoogh e graded 
sections) was embedded in 
tftrtionffi at 0J5 pm. Single 
Ihe superior ora sernita to 
injeeiion sice (and some 
itina) were snidied by liglit 
nuclei was performed 
Fat analyzing p^actosl- 
{|onctuted, washed in FBS and 
~ WEic washed in FBS 

10 mM each of K3Fe(CN)6 
MgClz. 




Piini* 11. ^<Salaciodd«M ftalHiAg 1(1 AdSpPDS-ii^oolad (A) orPBg-i^ftoiMl 
IB} eyp8 nom a BALB/U moUM oi 9 weeks paxt lojectian. Note the lumat 
MtliilAg cevBfins An ana of -1 am* faidlofttfid bj ihe mw. 



Detection of wild-type vifos 

Aa only one re combinoLion event between dte hp A? vims and E 1 
nequencea in the 293 oelb is roquixed ro obtain a rvplicodon 
competent adenovirus (RCA), we evaluated all stocks of £AMs 
for contamination with KCA by infcctivlty assay on HcLa cells 
at a muhipJicity of infection of 10 (infection 'far 12 days). No 
RCAa were detccied throughout Our aludiea. 
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